INTERNET

A GLOBAL NET 

A VIRTUAL INTELLIGENT GLOBAL SYSTEM
INTRODUCTION & ADDRESSING

An Internet

      consists of a set of networks interconnected by Routers.

Internet

     a world-wide interconnection of networks connected by Routers and using TCP/IP                                               suite of Protocols.

Intranet and Internet
Hosts, networks, routers
Layering—7 Layer ISO Model

                       vs.5 Layer DOD Model

	APPLICATION

	TRANSPORT

	INTERNET

	NETWORK, NTERFACE

	PHYSICAL


A Brief History

· 1966:Time sharing by Licklider  ( His concept of intergalactic communication network) / Digital Equipment Corporation 

· Robert Taylor, Director, ARPA Information Processing Techniques Office, Pentagon: funded ARPAnet; Larry Roberts as the first project manager for ARPAnet 

· 1969: Larry Roberts: took over from Robert Taylor: saw the first network connection of two computers

	Late
	 1960s
	ARPA supported development of Packet Switched Radio Network

at Hawaii University to connect various island; P.I. :

Norm Abramson; ALOHANET was developed

	2 SEPT
	 1969
	LEN KLEINROCK'S LAB at UCLA

--computers talk to each other

	
	 1969
	Interface Message Processors (IMPs) link UCLA, California, at Santa Barbara, 

Stanford and Utah; Used for Telnet; Used Network Control Protocol; 

IMPs could only accept 4 hosts each and did not support Teletype connection

	 
	 1971
	15 Nodes 23 Hosts using NCP

	 
	 1973
	BOB METCALFE’s thesis on ETHERNET at Harvard University 

VINT CERF & BOB KAHN's paper

	 
	 1974
	TCP CERF & KAHN

	 
	 1983
	DoD OFFICIAL PROTOCOL; SMTP, DNS

	
	 1985
	FTP

	
	 1988
	TCP Congestion Control

	 
	 1989
	· Hypertext and WWW at CERN by Berner lee
· Then come the BROWSERs like MOSAIC (NCSA) 

· Change from ARPANET to Internet, commercialization and a revolution in the way of living


Router vs. Gateway

A Router

      Connects n networks, has n distinct addresses.

A Gateway

     connects two different protocols suites for one particular application. e.g.  to convey an e-mail(application) from a TCP/IP system to an IBM’s SNA system.

CONCEPTS 

Abstraction through examples 
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I. COMMUNICATION MODEL must over ride 

· all technological differences & changes 

· changes in topology 

II. APPLICATION INDEPENDENT (within reasonable limits: Packets)

III. UNIVERSAL SERVICE (Language vs numerals) 

IV. FAST SERVICE (Computer – based decisions) 

V. RELIABLE SYSTEM (Regd / Insured) 

ARCHITECTURE 

· ROUTERS connect physical networks. 

· ROUTERS route packets to a destination network ( and NOT to a destination host ) 

· Routing is done dynamically, without requiring the source to define the route

· SEAMLESS INTER-OPERABILITY

· To users it is a SINGLE WORLD-WIDE Network 

· The Protocols treat all networks equally 
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Attributes of Internet:

1. Data Network – protocols designed for asynchronous, non-real-time and bursty applications.

2. Adaptive Routing –

1. Paths may vary between A & B; 
2. packets may arrive out of order; 
3. Variable delay.

3. Connectionless

4. Hide the details of the physical network

5. Open set of protocols; changes have to go through live testing with at least two different platforms

6. Inter-operability: a necessary condition

After slide 15 of intro

Data Packets and routers: 

· Messages flow in data packets; Internet is a  Packet Switched network.

· A large number of users share  the Internet resources. 

· While traveling from source to destination, each packet uses full link bandwidth. 

· Internet protocols permit use of resources by different users on the basis of their need 

· Routing from one network to another is through Routers.

· A Router receives the full packet in its buffer memory, processes it and sends it ahead.

· With Store and Forward policy of routers, use of packets may lead to a high throughput.

Example: 5 links and 4 routers between Sender and receiver. Each link of 10Mbps capacity. Data of 120Mbits to be transferred. 

[image: image3]
· It takes 60 s to transfer the data from S to R. (Processing time at the routers is neglected.)

· If the data is divided into packets of 1,500 bytes (12,000 bits) each, to transfer a packet takes across the first link takes 1.2ms. In 6 ms, the first packet reaches the receiver. But by then all the links start working in parallel. The last bit of the data reaches the first router in 12 s. So the total time taken to transfer the data of 120Mbits from S to R is 12s + 4.8ms =  12.0048 s.

PURDUE Example 
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INTERNET STANDARDS 

A formal structure for managing Internet was created by DoD in 1989. 

1989 INTERNET ACTIVITIES BOARD (IAB)
Chairman of IAB Internet Architect




RFC Editor *




IE Notes

 Mr. Jon Pastel was the Editor till 1998 

                 INTERNET SOCIETY (ISOC) 
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RFC
· 1992: IAB renamed as Internet Architecture Board

· RFCs - Summarize policies & provide standards 
· No updating of an existing RFC. A New one is issued in its place. 

· IAB publishes every quarter 'IAB OFFICIAL PROTOCOL STANDARD' giving the current RFC for each PROTOCOL. 

· 1992: INTERNET SOCIETY (ISOC); IAB became the technical advisory board to ISOC. 

· IANA (Internet Assigned Number Authority); Since Oct-98: ICANN: Internet Corporation for Assigned Names and Numbers

Classes of RFCs:

Requirement Level:                             State of Standardization:
REQUIRED                                                STANDARD

RECOMMENDED                                     DRAFT -- STANDARD

ELECTIVE                                                 PROPOSED -- STANDARD

LIMITED USE                                           EXPERIMENTAL

NOT RECOMMENDED                           INFORMATIONAL

                                                                      HISTORIC

Requirement for Continuing Standardization Effort:
· Parameter Standardization: Parameters control the way a Protocol functions.

             Examples: IP OPTION Number; Operation Code field of Address Resolution 

· Global Resource Allocation and Identifier Uniqueness: A number of resources require unique and fixed set of values.

· Examples: IP addresses, DNS Domain Names
· Domain Names: Top Level Domain names (TLDs): Country Codes

· .COM, .NET, .ORG: InterNIC Internet Network Information Center of US Govt ( contract given to Network Solutions Inc. (purchased by Verisign)

   Since Oct-98:  ICANN – Internet Corporation for Assigned Names & Numbers.
Regional Internet Registries (RIR)

· Asia Pacific Network Information Centre (APNIC): Covers the Asia/Pacific region. 

· American Registry for Internet Numbers (ARIN): Manages North America, part of the Caribbean, and sub-equatorial Africa. 

· Latin American and Caribbean Internet Addresses Registry (LACNIC): Responsible for Latin America and part of the Caribbean. 

· Réseaux IP Européens Network Coordination Center (RIPE NCC): Takes care of Europe, the Middle East, Central Asia, and Africa north of the equator. 

Top Level Domain names

· .edu:  for educational institutions

· .gov: for governmental entities

· .mil: for military organizations

· .com: a generic top-level domain originally intended for commercial businesses around the world. 

· .net: a generic top-level domain used by many types of organizations and individuals globally; it was historically intended for and is still commonly used by Internet service providers. 

· .org: an unrestricted domain, intended to serve the noncommercial community. 

· .int: for international organizations
· .biz: restricted to businesses. 

· .info: an unrestricted domain for websites containing information about you, your organization, your products or any other information you'd like to make available to a global audience. 

· .name: reserved for individuals. 

· .pro: restricted to certified professionals and related entities. 

· .aero: exclusively reserved for the aviation community. 

· .coop: restricted to use by bona fide cooperatives and cooperative service organizations

· .museum: exclusively for the museum community 

Growth of Internet

· Fast Growth Rate of Internet - To the existing computer and communication system, a marginal additional investment connects one to the Internet.

· Example: Comer’s Book

Edition

Year

No of  Host

1stEd 

1987

5000

3rd Ed 

1995                4.8 Millions

4th Ed 

2000                5.6 Millions

      5th  Ed                   2005   hundreds of Millions

METHODS of CONNECTION 

1. A LAN connects through at least one Router to (at least) an existing n/w connected to Internet. 

e.g. St. Clair College to Univ. of Windsor

2. Leased Lines 

3. Dial-up Line 
4. ADSL (Asymmetric Digital Subscriber Line technology) 

5. Cable (diff bet ADSL & Cable broadband connectivity)
Data Link Layer 

Example: ETHERNET 
  
 

	1973
	BOB METCALFE’S Ph.D. thesis at Harvard University on Ethernet

	
	XEROX PARC RESEARCH LAB

	1978
	Xerox, Intel and Digital Standardize ETHERNET


IEEE 802.3 STANDARD

                                 Dest         Source

                        Preamble   Add         Add      Type            Data                             CRC

	8
	6
	6
	2
	46B-1,500B
	4


                                                              16 bits     Bits 368 – 12,000

                                                                   FRAME

CRC: CYCLIC REDUNDANCY CHECK
Ethernet parameters

TYPE: Self-identifying eg(i) for an ARP message, Type = 080616
                                          (ii) for an RARP message, Type = 803516

                                          (iii) for an IP message, Type = 080016  


IP ADDRESS  

	SHOCH
	Name
	What an object is

	 
	Address
	Where it is

	 
	Route
	How to get there


INTERNET A Virtual Network 

· imagined by designers 

· implemented entirely in software 

IP ADDRESS –

· specifies a connection to a n/w

· Does not identify a host ??

· A 32-bit binary address

· Implemented in s/w

· Every host or router on the internet must have an IP address

· No two devices can have the same address

· (but one device may have more than one)

IP address

	net  id


	host id




                   

                               




  |(-----Available Network Address----(|
	Class
	Identifying first bits
	No of bits in netid
	No. of bits in Host ID
	Lower Limit
	Upper Limit

	A
	0
	7
	24
	1.0.0.0
	126.0.0.0

	B
	1 0
	14
	16
	128.0.0.0
	191.255.0.0

	C
	1 1 0
	21
	8
	192.0.0.0
	223.255.255.0

	D
	1 1 1 0
	MULTICAST
	 
	224.0.0.0
	239.255.255.255

	E
	1 1 1 1 
	RESERVED
	 
	240.0.0.0
	255.255.255.254


  

	Class
	Max No. of Nets
	Max No. of Hosts

	A
	126
	16,777,214

	B
	16,384
	65,534

	C
	2,097,152
	254


· After taking into account the addresses reserved for SPECIAL cases.

  


 Addresses per class

Class      No. of Addresses        
 %age

A           231=2,147,483,648       
50

B           230=1,073,741,824      
 25

C           229=   536,870,912       
12.5

D           228=   268,435,456        
6.25

E           228=   268,435,456         
6.25
DOTTED DECIMAL NOTATION 

· Is a syntactic form 

· Used to express 32 bit address for inter-action with humans 

· Each of the four octets represented in a decimal number from 0 to 255. 

SPECIAL IP ADDRESSES
Net-id   
 host-id          

Type             

 Purpose

All zeroes      
all zeroes     
 this comp on this n/w  
 bootstrap (SRC add only)
  specific       
all zeroes      
this n/w                     

 identifies a n/w

                                     
(can’t be a SRC/DST add)

  specific        
all ones      
 directed broadcast         
on a specific net
All ones
all ones       
limited broadcast to        
on the local net 

(Blocked by Router)         
all hosts on this n/w
 127             
any            
 loop-back                     
testing   

(Blocked by Machine)
All zeroes       specific       
specific host on this n/w

(Blocked by Router)        
(DEST address only)

------------------------------------------------------------------------------------------------------------
127.x.y.z : loop-back address, not a n/w address. DEST add only.

Message does not leave the machine.
  

Masks

Class         Mask

A              255.0.0.0

B              255.255.0.0

C              255.255.255.0
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Two aspects of IP Addressing

· Definition of Broadcast and Multicast includes the sending host.

· Loop-back driver may be considered as a part of the Data link Layer.
Special Multicast cases – 
Categories : 

   224.0.0.x

e.g.  All Routers which use a particular category.

Conferencing : 

   224.0.1.x

Free IP addresses for Intranets

Private internets :

   Class      

net-id

        

no. of nets      no. of hosts
     A

 
10.0.0.0
                    
      1                16,777,216
     B        

172.16.0.0 to 

               

172.31.0.0

   
     16                 1,048,576
    C        

192.68.0.0 to

               

192.68.255.0

     
     256                    65,536
MS reserved addresses for Automatic Private IP Addressing (APIPA): 
                                                                  from 169.254.0.1 to 169.254.255.254

Windows 98, 98SE, Me, 2000 and XP use APIPA to autoconfigure an IP address, out of the above range of addresses, and a mask of 255.255.0.0 in case a DHCP server is not available. 
The MS Windows software uses ARP to check that no other computer on the local net has the same address.  

Reference: Zubair Alexander, ‘Automatic private IP Addressing’, Windows & .NET

magazine, Oct 25, 1999 at              

                          http://www.winnetmag.com/Articles/Index.cfm?ArticleID=7464   
CONVENTIONS FOR IP ADDRESSING 

From the study of special IP addresses:

· Net-id   cannot begin with 127         

· First octet cannot be 255 in a net-id                   

· First octet cannot be 0 in a net id

· Group computers  by Types / departments

· Address Routers starting with Low  numbers

and Hosts starting with High numbers
  

PROBLEMS IN IP ADDRESSING in IPv4
· Movement of a Host from one NET to another 

· Change of Class 

· Multihomed hosts 

· Running out of Address space(ROADs): acute problem for Class B 

Representation

· Of address as well as the data :

Networks Standard Byte Order: Integers are sent MSB first.

_____________________________________________

Two types of memory organization in machines:

Little Endian

   Lowest memory address used for storing Low order byte

Big Endian

   Lowest memory address used for storing High order byte

		               IP





IP OUTPUT FUNCTION





IP INPUT FUNCTION





TO IP INPUT QUEUE





DEST IP ADD


BROADCAST OR MULTICAST


    ADD?





DEST IP ADD


INTERFACE  


IP ADD
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DEFN of Broadcast and Multicast includes the sending host. 


Loop back driver may be considered as a part of the data link layer.
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